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(57)Abstract: 

PURPOSE: To provide a semiconductor device which restrains the influence upon 
the characteristics change of a semiconductor device to a minimum and improves the 
level of integration by facilitating reduction of the layout area of resistance elements 
with irregularity of resistance value kept restrained 4 to be small. 
CONSTITUTION: A resistance element 7 is constituted by burying a resistor 4 
composed of polycrystalline semiconductor having a desired resistance value, in a 
vertical trench 2 of a substrate 1 composed of a semiconductor substrate, interposing 
an insulating film 3. The resistor 4 has a resistance width W in the vertical direction 
V of the substrate 1, and a resistance length L in the horizontal direction H of the 
substrate 1, and is doped with impurities. By setting the resistance width W large in 
the vertical direction V, a desired resistance value can be obtained while the 
resistance length L in the horizontal direction H is small. Thereby the layout area of 
the resistance element 7 is easily reduced. Since a desired resistance value is obtained 
by adjusting the dosage of impurities, irregurality of the resistance value can be 
restrained in a small range. 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 ♦♦♦♦ shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention is applied to the resistance element accumulated as a 1 constituent child of a 
semiconductor device by the same semiconductor substrate as an active element about a resistance element, and relates to 
effective technology. 
[0002] 

[Description of the Prior Art] The resistance element which operates as a passive element in addition to the transistor to which 
semiconductor devices, such as IC and LSI, operate as an active element is accumulated by the same semiconductor substrate. 
This resistance element is simultaneously manufactured by the same semiconductor substrate using some processes of the 
manufacturing process in the case of manufacturing a transistor to a semiconductor substrate. For example, a resistance 
element is manufactured by the same semiconductor substrate as a transistor using a part of diffusion process which is a 
manufacturing process of a transistor. 

[0003] Manufacture of such a resistance element is indicated by the edition [ 25 / per day / 1st edition ] issue, and P102-P103 
in Ohm-Sha Ltd. issue "guide to semiconductor integrated circuit" May, Showa 42, In this reference, the resistance 
manufactured by diffusion is simultaneous with diffusion of the emitter layer of a transistor, or being carried out 
simultaneously with diffusion of a base layer is indicated. Thus, both the resistance of the resistance element manufactured is 
determined depending on the value of the resistance length L and the resistance width of face W which are set as the front 
face and horizontal direction of a semiconductor substrate. That is, the required resistance depending on each value is 
obtained by setting the resistance length L and the resistance width of face W as the horizontal direction of a semiconductor 
substrate. 
[0004] 

[Problem(s) to be Solved by the Invention] Since the resistance length L and the resistance width of face W must be set as the 
horizontal direction of a semiconductor substrate according to this resistance for obtaining desired resistance when 
manufacturing the aforementioned resistance element to a semiconductor substrate, depending on resistance, it is not avoided 
that the resistance length L and a value with the horizontal resistance width of face W become large. Therefore, the problem 
that the layout area occupied to a semiconductor substrate becomes large arises. 

[0005] Moreover, when accumulating this resistance element on the same semiconductor substrate as an active element like a 
transistor and manufacturing a semiconductor device, it becomes indispensable to reduce not only the layout area of a 
transistor but the layout area of a resistance element for aiming at improvement in the degree of integration of a 
semiconductor device. Here, although the layout area of a transistor is comparatively easy to reduce by improvement in the 
latest process processing technology, about a resistance element, reduction of layout area becomes difficult for the above 
reasons. Moreover, if it is going to reduce the layout area of a resistance element by force, since resistance tends to vary 
greatly in manufacture from the first, a resistance element will come to affect property change of a semiconductor device with 
reduction. 

[0006] The purpose of this invention has reduction of layout area in offering an easy resistance element. 

[0007] Other purposes of this invention are for reduction of layout area to offer an easy resistance element, suppressing 

dispersion in resistance small. 

[0008] The purpose of others of this invention is by making reduction of the layout area of a resistance element easy, 

suppressing dispersion in resistance small to suppress to minimum the influence affect property change of a semiconductor 

device, and offer the semiconductor device which aims at improvement in a degree of integration. 

[0009] The other purposes and the new feature will become clear from description and the accompanying drawing of this 

specification at the aforementioned row of this invention. 

[0010] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained among invention 
indicated in this application. 

[001 1] (1) A perpendicular slot is formed alternatively [ the resistance element of this invention ] to a substrate, and the 
insulator layer is formed in the internal surface of the perpendicular slot of this substrate. While an insulator layer is placed 
between perpendicular Mizouchi of a substrate and having resistance width of face to the perpendicular direction of a 
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substrate, the resistor which has resistance length is laid under the horizontal direction of a substrate. 
[0012] (2) A perpendicular slot is formed alternatively [ other resistance elements of this invention ] to a semiconductor 
substrate, and the insulator layer is formed in the internal surface of the perpendicular slot of this semiconductor substrate. 
The resistor which consists of a polycrystal semiconductor formed so that an insulator layer is placed between perpendicular 
Mizouchi of a semiconductor substrate, it had resistance length to the horizontal direction of a semiconductor substrate while 
having resistance width of face to the perpendicular direction of a semiconductor substrate, and an impurity might be doped 
and it might have desired resistance is laid underground, 

[0013] (3) As for the semiconductor device of this invention, the active element is accumulated on the position of a request of 
a semiconductor substrate. Moreover, the perpendicular slot alternatively formed in other positions of a semiconductor 
substrate at this semiconductor substrate. The insulator layer formed in the internal surface of this perpendicular slot and 
aforementioned perpendicular Mizouchi intervene and lay an insulator layer underground. The resistance element which 
consisted of resistors which consist of a polycrystal semiconductor formed so that it had resistance length to the horizontal 
direction of the aforementioned semiconductor substrate while having resistance width of face to the perpendicular direction 
of the aforementioned semiconductor substrate, and an impurity might be doped and it might have desired resistance is 
accumulated. 
[0014] 

[Function] According to the means of (1) mentioned above, since the resistor which has resistance length is laid underground 
and constituted by the horizontal direction of a substrate while an insulator layer is placed between perpendicular Mizouchi of 
a substrate by the resistance element of this invention and having resistance width of face to the perpendicular direction of a 
substrate, reduction of the layout area of a resistance element becomes easy. 

[0015] Reduction of the layout area of a resistance element becomes easy, suppressing dispersion in resistance small, since 
the resistor which consists of a polycrystal semiconductor which has resistance length to the horizontal direction of a 
semiconductor substrate while an insulator layer is placed between perpendicular Mizouchi of a semiconductor substrate by 
the resistance element of this invention and having resistance width of face to the perpendicular direction of a semiconductor 
substrate, and an impurity is doped and has desired resistance was laid underground and constituted according to the means of 
(2) mentioned above. 

[0016] According to the means of (3) mentioned above, the semiconductor device of this invention An active element is 
accumulated on the position of a request of the same semiconductor substrate, in other positions While an insulator layer is 
placed between perpendicular Mizouchi of the aforementioned semiconductor substrate and having resistance width of face to 
the perpendicular direction of a semiconductor substrate, it has resistance length to the horizontal direction of a 
semiconductor substrate. Since the resistance element which the resistor which consists of a polycrystal semiconductor which 
an impurity is doped and has desired resistance laid underground and consisted of is accumulated Reduction of the layout area 
of a resistance element can become easy, suppressing dispersion in resistance small, the influence affect property change of a 
semiconductor device can be suppressed to minimum, and improvement in a degree of integration can be aimed at, 
[0017] 

[Example] With reference to a drawing, the example of this invention is explained below. 

[00 1 8] (Example 1 ) Drawing 1 is the perspective diagram showing the resistance element by the example 1 of this invention, 
and drawing 2 is the A-A cross section of drawing 1 , 1 is the substrate which consists of a silicon-single-crystal substrate of 
for example, P conductivity type, and the perpendicular slot 2 is alternatively formed in this substrate 1 . This perpendicular 
slot 2 has the size L of other horizontally H it mtersects perpendicularly with the horizontal du-ection h (equivalent to the 
below-mentioned resistance length L) while it has the so-called trench structure and has the size W (equivalent to the 
below-mentioned resistance width of face W) of the larger perpendicular direction V than the size d of the horizontal direction 
h of a substrate 1 (equivalent to the below-mentioned thickness d). In addition, horizontally [ other / H ] it intersects 
perpendicularly with a horizontal direction h and this shows the relative relation, and if they are horizontal to the front face of 
a substrate 1, they can choose all as any sense. Such a perpendicular slot 2 is formed using processing technology, such as 
anisotropic etching processing. For example, this perpendicular slot 2 is formed of the anisotropic etching by reactive ion 
etching (Reactive Ion Etching) so that it may mention later, 

[0019] 3 is the insulator layer which consists for example, of 2 silicon oxides (Si02), and is formed in the internal surface of 
the perpendicular slot 2 using vapor-growth technology, such as CVD. 4 is the resistor which consists for example, of 
polycrystal silicon, it is formed using vapor-growth technology, such as CVD, and an insulator layer 3 is intervened and laid 
underground in the perpendicular slot 2. An impurity, for example, boron, phosphorus, arsenic , antimony, etc. are doped b y 
the resistor 4 which consists o£,th isj3.oLvcrvstaLsilicon.using-an ion implantation m ethod etc.. and it is formed so tha t it may 
hav e desired resist ance. Here, it is formed so that it may have the resistance length L to the horizontal du-ection H of a 
suBstrate 1 , and the resistor 4 which consists of this polycrystal silicon is formed so that it may have thickness d to a 
horizontal direction h further while it has the resistance width of face W to the perpendicular direction V of a substrate 1 . 
[0020] By this, this resistor 4 will have the resistance of the request determined by (resistance width-of-face Wx resistance 
length Lx thickness d). Here, since the value of =(resistance width-of-face Wx thickness d) A shows the cross section of a 
resistor 4 and resistance is shown by (the cross-section Ax resistance length L), when obtaining fixed resistance, the resistance 
length L can do small by setting up the resistance width of face W greatly. This means that layout area of the resistor 4 
occupied to a substrate 1 is made small. 
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[0021] As shown in drawing 2 , it is constituted as a resistance element 7 by the resistor 4 which consists of polycrystal silicon 
formed so that it might have desired resistance by pulling out the electrode 5 of a couple which consists of aluminum on the 
insulator layer 3 of a substrate 1 . The front face of a resistor 4 is protected by the insulator layers 6, such as 2 silicon oxides. 
Front faces other than the position in which the resistance element 7 of a substrate 1 was formed are protected by an insulator 
layer 3 or other insulator layers. 

[0022] Next, with reference to drawing 3 or drawing 7 , the manufacture method of the resistance element of an example 1 is 
explained in order of a process. As shown in drawing 3 , the substrate 1 which consists of a silicon-single-crystal substrate of 
P conductivity type is prepared first, and a photoresist 8 is applied in addition to the front face which should form the 
perpendicular slot of this substrate 1 . next, it is shown in drawing 4 - as ~ a substrate 1 ~ receiving - for example, SF6 CC14 
mixed gas is supplied and it is based on RIE -- different ~ modality -- the perpendicular slot 2 which has a size d to a size W 
and a horizontal direction h, and has a size L to a perpendicular direction V alternatively and as mentioned above at other 
horizontal directions H is formed in substrate 1 front face on which it etches and the photoresist 8 is not applied Then, it is 
as opposed to / a substrate 1 / after removing a photoresist 8, as it is shown in drawing 5 ] SiH4. 02 Mixed gas is supplied, 
the vapor growth by CVD is performed, and the insulator layer 3 which consists of 2 silicon oxides is formed in substrate 1 
front face containing the internal surface of the perpendicular slot 2. 

[0023] Next, it is [ as opposed to / a substrate 1 / as shown in drawing 6 ] SiC14. H2 Mixed gas is supplied, the vapor growth 
by CVD is performed, and the resistor 4 which intervenes an insulator layer 3 in the perpendicular slot 2, and consists of 
polycrystal silicon is laid underground. Then, as shown in drawing 7 , after driving for example, + boron ion into the resistor 
4 which consists of this polycrystal silicon by the ion implantation method, by performing heat treatment, boron is doped and 
a resistor 4 is controlled to desired resistance. On the occasion of placing of boron, boron can be doped by carrying out the 
mask of the garbage by the photoresist 8 only to the resistor 4 which consists of polycrystal silicon. 

[0024] Next, as shown in drawing 2 , it forms so that the electrode 5 of a couple may be pulled out on the insulator layer 3 of 
a substrate 1 from the both ends of a resistor 4 which consist of polycrystal silicon. After this adheres aluminum to the whole 
surface by CVD etc., it performs photo etching and performs it by removing a garbage. Then, the above CVD etc. is used for 
the front face of a resistor 4, and the insulator layer 6 which consists of 2 silicon oxides is formed in it. The insulator layer 3 
of the front face of a substrate 1 may use the 2 silicon oxides which could use the 2 silicon oxides formed at the time of the 
process of drawing 5 as they were, or grew thermally from the substrate 1. The resistance element 7 of an example 1 is 
manufactured according to each above process. 

[0025] According to such an example 1, the following effects are acquired. 

[0026] (1) Since the resistor 4 which has the resistance length L is laid underground and constituted by the horizontal 
direction H of a substrate 1 while a resistance element 7 intervenes an insulator layer 3 in the perpendicular slot 2 of a 
substrate 1 and having the resistance width of face W to the perpendicular direction V of a substrate 1, the resistance length L 
of a horizontal direction H makes it small by taking the large resistance width of face W to a perpendicular direction V and 
desired resistance is obtained, reduction of the layout area of a resistance element 7 becomes easy. 

[0027] (2) A resistance element 7 has the resistance length L to the horizontal direction H of a substrate 1 while it intervenes 
an insulator layer 3 in the perpendicular slot 2 of the substrate 1 which consists of a semiconductor substrate and has the 
resistance width efface W to the perpendicular direction V of a substrate 1 . Since the resistor 4 which consists of a 
polycrystal semiconductor which an impurity is doped and has desired resistance is laid underground and constituted and 
desired resistance is obtained with the amount of dopes of an impurity, reduction of the layout area of ********** 7 which 
suppressed dispersion in resistance small becomes easy. 

[0028] (Example 2) Drawing 9 is the cross section showing the semiconductor device by the example 2, the structure which 
accumulated the resistance element 7 linked to the transistor 10 which consists of an NPN transistor, and the emitter region of 
this transistor 10 of circuitry as shown in drawing 8 on the same semiconductor substrate is shown, and drawing 10 is the plan 
showing the circuit pattern of drawing 9 . The transistor 10 which consists of a NPN type transistor which operates as an 
active element which consists of the collector field 12 of N conductivity type, a base region 13 of P conductivity type 
alternatively formed in this collector field 12, and an emitter region 14 of N conductivity type altemafively formed in this base 
region 13 is accumulated on the island 1 1 insulated in the isolation field 9 which is the request position of the substrate 1 
which consists of a silicon-single-crystal substrate of a semiconductor device 16, for example, P conductivity type. The 
collector field 12, a base region 13, and an emitter region 14 are formed using a diffusion method, an ion implantation 
method, etc. The front face of a transistor 10 is protected by the insulator layer 15 which grew at the time of formation of each 
fields 12, 13, and 14 and which consists of 2 silicon oxides, for example. In addition, the conductivity type of each fields 12, 
13, and 14 can show an example, and can choose a reverse conductivity type. 

[0029] On the other hand, in other positions of the substrate 1 of a semiconductor device 16 The perpendicular slot 2 which 
has a size d to a size W and a horizontal direction h, and has a size L to other horizontal directions H perpendicularly [ V ] it 
was alternatively formed in the substrate 1, The insulator layer 3 which was formed in the internal surface of this 
perpendicular slot 2 and which consists of diacid-ized silicon, for example, While intervening and laying an insulator layer 3 
underground in the perpendicular slot 2 and having the resistance width of face W to the perpendicular direction V of a 
substrate 1 , it has the resistance length L to the horizontal direction H of a substrate 1 . It consists of resistors 4 which consist 
of a polycrystal semiconductor formed so that an impurity might be doped and it might have desired resistance, and the 
resistance element 7 which has the electrode 5 of a couple which was pulled out from this resistor 4, and which consists of 
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aluminum, for example is accumulated. This resistance element 7 is manufactured by the aforementioned manufacture 
method. 

[0030] It connects with an emitter region 14 through contact hole 14E which the insulator layer 15 top was extended and was 
formed in the insulator layer 15 on the emitter region 14 of a transistor 10, and one side of the electrode 5 of the couple pulled 
out from the resistance element 7 works as emitter electrode 14e. Moreover, base-electrode 1 3b is pulled out through contact 
hole 13B formed in the insulator layer 15 on the **-SU field 13, and collector-electrode 12c is further pulled out through 
contact hole 12C formed in the insulator layer 15 on a collector 12. 
[0031] According to such an example 2, the following effects are acquired. 

[0032] Reduction of the layout area of a resistance element 7 can become easy, suppressing dispersion in resistance small, 
since the transistor 10 which operates as an active element was accumulated on the position of a request of the same substrate 
1 and the resistance element 7 of the structure shovm in the aforementioned example 1 was accumulated on other positions, 
and a semiconductor device 16 can suppress to minimum the influence affect property change of a semiconductor device 16, 
and can aim at improvement in a degree of integration. 

[0033] As mentioned above, although invention made by this invention person was concretely explained based on the 
aforementioned example, this invention of the ability to change variously in the range which is not limited to the 
aforementioned example and does not deviate from the summary is natural. 

[0034] For example, although the example which uses a silicon-single-crystal substrate as a substrate 1 explained in each 
aforementioned example, this substrate 1 can use the single crystal substrate which consists not only of silicon but of other 
semiconductor materials. Moreover, you may make it this substrate 1 use what consists of an insulating material not only like 
a semiconductor material but ceramics. Thus, when the substrate 1 which consists of an insulating material is used, the 
transistor which operates as an active element which constitutes a semiconductor device is mounted in the front face of this 
substrate 1 in the form of a chip. 

[0035] Moreover, although the example which uses diacid-ized silicon as an insulator layer 3 explained in each 
aforementioned example, this insulator layer 3 can use not only this but other insulating materials. For example, other 
insulating materials, such as a silicon nitride (Si 3N4) and an aluminum oxide (aluminum 203), can be used, and these 
insulating materials can be formed using vapor-growth technology, such as CVD, like the case of diacid-ized silicon. 
Furthermore, this insulator layer 3 may be formed from two or more layers which consist not only of a monostromatic but of 
the same material or different material. 

[0036] Moreover, although the example which uses polycrystal silicon as a resistor 4 explained in the aforementioned 
example, this resistor 4 can use not only silicon but other semiconductor materials. Furthermore, the impurity doped to this 
resistor 4 can use the impurity of others, such as phosphorus, arsenic, and antimony, without restricting to a specific impurity 
like boron. You may make it use electrical resistance materials other than a semiconductor material as this resistor 4 further 
again. 

[0037] Although the above explanation explained the case where invention mainly made by this invention person was applied 
to the formation technology of the resistance element which is a field of the invention used as the background, it is not limited 
to it. this invention is applicable to the thing of the conditions which form a perpendicular slot in a substrate at least, lay a 
resistor under this perpendicular Mizouchi and form an element. 
[0038] 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among invention indicated in this 
application is explained briefly. 

[0039] Reduction of the layout area of a resistance element becomes easy, 

[0040] Reduction of the layout area of a resistance element becomes easy, suppressing dispersion in resistance small. 
[0041] Reduction of the layout area of a resistance element can become easy, suppressing dispersion in resistance small, the 
influence affect property change of a semiconductor device can be suppressed to minimum, and improvement in a degree of 
integration can be aimed at. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely, 
2 ♦♦♦♦ shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] The resistance element characterized by consisting of a substrate in which the perpendicular slot was formed 
alternatively, an insulator layer formed in the internal surface of the perpendicular slot of this substrate, and a resistor which 
has resistance length to the horizontal direction of the aforementioned substrate while aforementioned perpendicular Mizouchi 
intervenes and lays an insulator layer underground and having resistance width of face to the perpendicular direction of the 
aforementioned substrate. 

[Claim 2] It is the resistance element according to claim 1 to which the aforementioned resistor is characterized by the bird 
clapper from a polycrystal semiconductor while the aforementioned substrate consists of a semiconductor substrate. 
[Claim 3] The resistance element characterized by consisting of resistors which consist of a polycrystal semiconductor formed 
so that it both had resistance length to the horizontal direction of the aforementioned semiconductor substrate as it is 
characterized by providing the following, and an impurity might be doped and it might have desired resistance. The 
semiconductor substrate in which the perpendicular slot was formed alternatively. The insulator layer formed in the internal 
surface of the perpendicular slot of this substrate. Aforementioned perpendicular Mizouchi intervenes and lays an insulator 
layer underground, and it is resistance width of face to the perpendicular direction of the aforementioned semiconductor 
substrate. 

[Claim 4] The semiconductor device characterized by providing the following. The perpendicular slot which was accumulated 
on other positions of the active element accumulated on the position of a request of a semiconductor substrate, and the 
aforementioned semiconductor substrate, and was alternatively formed in the aforementioned semiconductor substrate. The 
insulator layer formed in the internal surface of this perpendicular slot. The resistance element which consisted of resistors 
which consist of a polycrystal semiconductor formed so that aforementioned perpendicular Mizouchi intervenes and lays an 
insulator layer underground, it had resistance length to the horizontal direction of the aforementioned semiconductor substrate 
while having resistance width of face to the perpendicular direction of the aforementioned semiconductor substrate, and an 
impurity might be doped and it might have desired resistance. 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
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TECHNICAL FIELD 

[Industrial Application] Especially this invention is applied to the resistance element accumulated as a 1 constituent child of a 
semiconductor device by the same semiconductor substrate as an active element about a resistance element, and relates to 
effective technology. 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

I. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 *♦** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


MEANS 


[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained among invention 
indicated in this application. 

[00 11] (1) A perpendicular slot is formed alternatively [ the resistance element of this invention ] to a substrate, and the 
insulator layer is formed in the internal surface of the perpendicular slot of this substrate. While an insulator layer is placed 
between perpendicular Mizouchi of a substrate and having resistance width of face to the perpendicular direction of a 
substrate, the resistor which has resistance length is laid under the horizontal direction of a substrate. 
[0012] (2) A perpendicular slot is formed alternatively [ other resistance elements of this invention ] to a semiconductor 
substrate, and the insulator layer is formed in the internal surface of the perpendicular slot of this semiconductor substrate. 
The resistor which consists of a polycrystal semiconductor formed so that an insulator layer is placed between perpendicular 
Mizouchi of a semiconductor substrate, it had resistance length to the horizontal direction of a semiconductor substrate while 
having resistance width of face to the perpendicular direction of a semiconductor substrate, and an impurity might be doped 
and it might have desired resistance is laid underground. 

[0013] (3) As for the semiconductor device of this invention, the active element is accumulated on the position of a request of 
a semiconductor substrate. Moreover, the perpendicular slot alternatively formed in other positions of a semiconductor 
substrate at this semiconductor substrate, The insulator layer formed in the internal surface of this perpendicular slot and 
aforementioned perpendicular Mizouchi intervene and lay an insulator layer underground. The resistance element which 
consisted of resistors which consist of a polycrystal semiconductor formed so that it had resistance length to the horizontal 
direction of the aforementioned semiconductor substrate while having resistance width of face to the perpendicular direction 
of the aforementioned semiconductor substrate, and an impurity might be doped and it might have desired resistance is 
accumulated. 
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OPERATION 


[Function] According to the means of (I) mentioned above, since the resistor which has resistance length is laid underground 
and constituted by the horizontal direction of a substrate while an insulator layer is placed between perpendicular Mizouchi of 
a substrate by the resistance element of this invention and having resistance width of face to the perpendicular direction of a 
substrate, reduction of the layout area of a resistance element becomes easy. 

[0015] Reduction of the layout area of a resistance element becomes easy, suppressing dispersion in resistance small, since 
the resistor which consists of a polycrystal semiconductor which has resistance length to the horizontal direction of a 
semiconductor substrate while an insulator layer is placed between perpendicular Mizouchi of a semiconductor substrate by 
the resistance element of this invention and having resistance width of face to the perpendicular direction of a semiconductor 
substrate, and an impurity is doped and has desired resistance was laid underground and constituted according to the means of 
(2) mentioned above. 

[0016] According to the means of (3) mentioned above, it is the semiconductor device of this invention. An active element is 
accumulated on the position of a request of the same semiconductor substrate, in other positions While an insulator layer is 
placed between perpendicular Mizouchi of the aforementioned semiconductor substrate and having resistance width of face to 
the perpendicular direction of a semiconductor substrate, it has resistance length to the horizontal direction of a 
semiconductor substrate. Since the resistance element which the resistor which consists of a polycrystal semiconductor which 
an impurity is doped and has desired resistance laid underground and consisted of is accumulated Reduction of the layout area 
of a resistance element can become easy, suppressing dispersion in resistance small, the influence affect property change of a 
semiconductor device can be suppressed to minimum, and improvement in a degree of integration can be aimed at. 
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EFFECT OF THE INVENTION 


[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among invention indicated in this 
application is explained briefly. 

[0039] Reduction of the layout area of a resistance element becomes easy. 

[0040] Reduction of the layout area of a resistance element becomes easy, suppressing dispersion in resistance small. 
[0041] Reduction of the layout area of a resistance element can become easy, suppressing dispersion in resistance small, the 
influence affect property change of a semiconductor device can be suppressed to minimum, and improvement in a degree of 
integration can be aimed at. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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3. In the drawings, any words are not translated. 


EXAMPLE 


[Example] With reference to a drawing, the example of this invention is explained below. 

[0018] (Example 1) Drawing 1 is the perspective diagram showing the resistance element by the example 1 of this invention, 
and drawing 2 is the A-A cross section of drawing 1 . 1 is the substrate which consists of a silicon-single-crystal substrate of 
for example, P conductivity type, and the perpendicular slot 2 is alternatively formed in this substrate 1 . This perpendicular 
slot 2 has the size L of other horizontally H it intersects perpendicularly with the horizontal direction h (equivalent to the 
below-mentioned resistance length L) while it has the so-called trench structure and has the size W (equivalent to the 
below-mentioned resistance width of face W) of the larger perpendicular direction V than the size d of the horizontal direction 
h of a substrate 1 (equivalent to the below-mentioned thickness d). In addition, horizontally [ other / H ] it intersects 
perpendicularly with a horizontal direction h and this shows the relative relation, and if they are horizontal to the front face of 
a substrate 1 , they can choose all as any sense. Such a perpendicular slot 2 is formed using processing technology, such as 
anisotropic etching processing. For example, this perpendicular slot 2 is formed of the anisotropic etching by reactive ion 
etching (Reactive Ion Etching) so that it may mention later, 

[0019] 3 is the insulator layer which consists for example, of diacid-ized silicon (Si02), and is formed in the internal surface 
of the perpendicular slot 2 using vapor-growth technology, such as CVD. 4 is the resistor which consists for example, of 
polycrystal silicon, it is formed using vapor-growth technology, such as CVD, and an insulator layer 3 is intervened and laid 
underground in the perpendicular slot 2. An impurity, for example, boron, phosphorus, arsenic, antimony, etc. are doped by 
the resistor 4 which consists of this polycrystal silicon using an ion implantation method etc, and it is formed so that it may 
have desired resistance. Here, it is formed so that it may have the resistance length L to the horizontal direction H of a 
substrate 1, and the resistor 4 which consists of this polycrystal silicon is formed so that it may have thickness d to a 
horizontal direction h further while it has the resistance width of face W to the perpendicular direction V of a substrate 1 , 
[0020] By this, this resistor 4 will have the resistance of the request determined by (resistance width-of-face Wx resistance 
length Lx thickness d). Here, since the value of =(resistance width-of-face Wx thickness d) A shows the cross section of a 
resistor 4 and resistance is shown by (the cross-section Ax resistance length L), when obtaining fixed resistance, the resistance 
length L can do small by setting up the resistance width of face W greatly. This means that layout area of the resistor 4 
occupied to a substrate 1 is made small. 

[0021] As shown in drawing 2 , it is constituted as a resistance element 7 by the resistor 4 which consists of polycrystal silicon 
formed so that it might have desired resistance by pulling out the electrode 5 of a couple which consists of aluminum on the 
insulator layer 3 of a substrate 1. The front face of a resistor 4 is protected by the insulator layers 6, such as diacid-ized 
silicon. Front faces other than the position in which the resistance element 7 of a substrate 1 was formed are protected by an 
insulator layer 3 or other insulator layers. 

[0022] Next, with reference to drawing 3 or drawing 7 , the manufacture method of the resistance element of an example 1 is 
explained in order of a process. As shown in drawing 3 , the substrate 1 which consists of a silicon-single-crystal substrate of 
P conductivity type is prepared first, and a photoresist 8 is applied in addition to the front face which should form the 
perpendicular slot of this substrate 1 . next, it is shown in drawmg 4 - as ~ a substrate 1 - receiving - for example, SF6 CC14 
mixed gas is supplied and it is based on RIE ~ different ~ modality - the perpendicular slot 2 which has a size d to a size W 
and a horizontal direction h, and has a size L to a perpendicular direction V alternatively and as mentioned above at other 
horizontal directions H is formed in substrate 1 front face on which it etches and the photoresist 8 is not applied Then, it is 
as opposed to / a substrate 1 / after removing a photoresist 8, as it is shown in drawing 5 ] SiH4. 02 Mixed gas is supplied, 
the vapor growth by CVD is performed, and the insulator layer 3 which consists of diacid-ized silicon is formed in substrate 1 
front face containing the internal surface of the perpendicular slot 2. 

[0023] Next, it is [ as opposed to / a substrate 1 / as shown in drawing 6 ] SiC14. H2 Mixed gas is supplied, the vapor growth 
by CVD is performed, and the resistor 4 which intervenes an insulator layer 3 in the perpendicular slot 2, and consists of 
polycrystal silicon is laid underground. Then, as shown in drawing 7 , after driving for example, + boron ion into the resistor 
4 which consists of this polycrystal silicon by the ion implantation method, by performing heat treatment, boron is doped and 
a resistor 4 is controlled to desired resistance. On the occasion of placing of boron, boron can be doped by carrying out the 
mask of the garbage by the photoresist 8 only to the resistor 4 which consists of polycrystal silicon. 

[0024] Next, as shown in drawing 2 , it forms so that the electrode 5 of a couple may be pulled out on the insulator layer 3 of 
a substrate I from the both ends of a resistor 4 which consist of polycrystal silicon. After this adheres aluminum to the whole 
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aforementioned example, this insulator layer 3 can use not only this but other insulating materials. For example, other 
insulating materials, such as a silicon nitride (Si 3N4) and an aluminum oxide (aluminum 203), can be used, and these 
insulating materials can be formed using vapor-growth technology, such as CVD, like the case of diacid-ized silicon. 
Furthermore, this insulator layer 3 may be formed from two or more layers which consist not only of a monostromatic but of 
the same material or different material, 

[0036] Moreover, although the example which uses polycrystal silicon as a resistor 4 explained in the aforementioned 
example, this resistor 4 can use not only silicon but other semiconductor materials. Furthermore, the impurity doped to this 
resistor 4 can use the impurity of others, such as phosphorus, arsenic, and antimony, without restricting to a specific impurity 
like boron. You may make it use electrical resistance materials other than a semiconductor material as this resistor 4 further 
again. 

[0037] Although the above explanation explained the case where invention mainly made by this invention person was applied 
to the formation technology of the resistance element which is a field of the invention used as the background, it is not limited 
to it. this invention is applicable to the thing of the conditions which form a perpendicular slot in a substrate at least, lay a 
resistor under this perpendicular Mizouchi and form an element. 
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surface by CVD etc., it performs photo etching and performs it by removing a garbage. Then, the above CVD etc. is used for 
the front face of a resistor 4, and the insulator layer 6 which consists of diacid-ized silicon is formed in it. The insulator layer 
3 of the front face of a substrate I may use the diacid-ized silicon which could use the diacid-ized silicon formed at the time 
of the process of drawing 5 as it was, or grew thermally from the substrate 1. The resistance element 7 of an example I is 
manufactured according to each above process. 

[0025] According to such an example 1, the following effects are acquired. 

[0026] (1) Since the resistor 4 which has the resistance length L is laid underground and constituted by the horizontal 
direction H of a substrate 1 while a resistance element 7 intervenes an insulator layer 3 in the perpendicular slot 2 of a 
substrate 1 and having the resistance width of face W to the perpendicular direction V of a substrate 1, the resistance length L 
of a horizontal direction H makes it small by taking the large resistance width of face W to a perpendicular direction V and 
desired resistance is obtained, reduction of the layout area of a resistance element 7 becomes easy, 

[0027] (2) A resistance element 7 has the resistance length L to the horizontal direction H of a substrate I while it intervenes 
an insulator layer 3 in the perpendicular slot 2 of the substrate 1 which consists of a semiconductor substrate and has the 
resistance width of face W to the perpendicular direction V of a substrate 1. Since the resistor 4 which consists of a 
polycrystal semiconductor which an impurity is doped and has desired resistance is laid underground and constituted and 
desired resistance is obtained with the amount of dopes of an impurity, reduction of the layout area of ********** 7 which 
suppressed dispersion in resistance small becomes easy. 

[0028] (Example 2) Drawing 9 is the cross section showing the semiconductor device by the example 2, the structure which 
accumulated the resistance element 7 linked to the transistor 10 which consists of an NPN transistor, and the emitter region of 
this transistor 1 0 of circuitry as shown in drawing 8 on the same semiconductor substrate is shown, and drawing 10 is the plan 
showing the circuit pattern of drawing 9 . The transistor 10 which consists of a NPN type transistor which operates as an 
active element which consists of the collector field 12 of N conductivity type, a base region 13 of P conductivity type 
alternatively formed in this collector field 12, and an emitter region 14 of N conductivity type alternatively formed in this base 
region 13 is accumulated on the island 1 1 insulated in the isolation field 9 which is the request position of the substrate 1 
which consists of a silicon-single-crystal substrate of a semiconductor device 16, for example, P conductivity type. The 
collector field 12, a base region 13, and an emitter region 14 are formed using a diffusion method, an ion implantation 
method, etc. The front face of a transistor 10 is protected by the msulator layer 15 which grew at the time of formation of each 
fields 12, 13, and 14 and which consists of diacid-ized silicon, for example. In addition, the conductivity type of each fields 
12, 13, and 14 can show an example, and can choose a reverse conductivity type. 

[0029] On the other hand, in other positions of the substrate 1 of a semiconductor device 16 The perpendicular slot 2 which 
has a size d to a size W and a horizontal direction h, and has a size L to other horizontal directions H perpendicularly [ V ] it 
was alternatively formed in the substrate 1, The insulator layer 3 which was formed in the internal surface of this 
perpendicular slot 2 and which consists of diacid-ized silicon, for example, While intervening and laying an insulator layer 3 
underground in the perpendicular slot 2 and having the resistance width of face W to the perpendicular direction V of a 
substrate 1, it has the resistance length L to the horizontal direction H of a substrate 1. It consists of resistors 4 which consist 
of a polycrystal semiconductor formed so that an impurity might be doped and it might have desired resistance, and the 
resistance element 7 which has the electrode 5 of a couple which was pulled out from this resistor 4, and which consists of 
aluminum, for example is accumulated. This resistance element 7 is manufactured by the aforementioned manufacture 
method. 

[0030] It connects with an emitter region 14 through contact hole 14E which the insulator layer 15 top was extended and was 
formed in the insulator layer 15 on the emitter region 14 of a transistor 10, and one side of the electt-ode 5 of the couple pulled 
out from the resistance element 7 works as emitter electrode 14e. Moreover, base-electrode 13b is pulled out through contact 
hole 13B formed in the insulator layer 15 on the **-SU field 13, and collector-electt-ode 12c is fiirther pulled out through 
contact hole 12C formed in the insulator layer 15 on a collector 12. 
[003 1] According to such an example 2, the following effects are acquired. 

[0032] Reduction of the layout area of a resistance element 7 can become easy, suppressing dispersion in resistance small, 
since the transistor 10 which operates as an active element was accumulated on the position of a request of the same substrate 
1 and the resistance element 7 of the structure shown in the aforementioned example 1 was accumulated on other positions, 
and a semiconductor device 16 can suppress to minimum the influence affect property change of a semiconductor device 16, 
and can aim at improvement in a degree of integration. 

[0033] As mentioned above, although invention made by this invention person was concretely explained based on the 
aforementioned example, this invention of the ability to change variously in the range which is not limited to the 
aforementioned example and does not deviate from the summary is natural. 

[0034] For example, although the example which uses a silicon-single-crystal substrate as a substrate 1 explained in each 
aforementioned example, this substrate 1 can use the single crystal substrate which consists not only of silicon but of other 
semiconductor materials. Moreover, you may make it this substrate 1 use what consists of an insulating material not only like 
a semiconductor material but ceramics. Thus, when the substrate 1 which consists of an insulating material is used, the 
transistor which operates as an active element which constitutes a semiconductor device is mounted in the front face of this 
substrate I in the form of a chip. 

[0035] Moreover, although the example which uses diacid-ized silicon as an insulator layer 3 explained in each 
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♦ NOTICES ♦ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] It is the perspective diagram showing the resistance element by the example 1 of this invention. 
[Drawing 21 It is the A-A cross section of drawing I . 

[Drawing 31 It is the cross section showing one process of the manufacture method of the resistance element by the example 1 
of this invention. 

[Drawing 41 It is the cross section showing other processes of the manufacture method of the resistance element by the 
example 1 of this invention. 

[Drawing 51 It is the cross section showing the process of others of the manufacture method of the resistance element by the 
example 1 of this invention. 

[Drawing 61 It is the cross section showing the process of others of the manufacture method of the resistance element by the 
example 1 of this invention. 

[Drawing 71 It is the cross section showing the process of others of the manufacture method of the resistance element by the 
example 1 of this invention. 

[Drawing 81 It is the circuitry view of the semiconductor device by the example 2 of this invention, 
[Drawing 91 It is the cross section showing the semiconductor device by the example 2 of this invention. 
[Drawing 101 It is the plan^^howing the semiconductor device by the example 2 of this invention. 
[Description of Notations'] r I 

1 [ An insulator layer;,^^ / -- A resistorp / -- The electrode of a couple; ] - A substrate, 2 A perpendicular slot, 3 6 [ A 
photoresist, 9 / Isolation field, 1 - i^'msulator layer, 7 -- A resistance element, 8 10 [ Collector field, 1 A transistor 
(active element), 1 1 -- An island, 12 1'2E [ -- A base region, 13B / A base contact hole, 13b / -- A base electrode, 14 / -- An 
emitter region, 14E / An emitter contact hole, 14e / -- An emitter electrode, 15 / -- An insulator layer, 16 / Semiconductor 
device. 1 -- A collector contact hole, 12e -- A collector electrode, 13 
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[Drawing 8] 
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o<7)x5 y ^'^i^i 4±<o«SM 1 5{cm$*iy::3y 

h*-;H 4Ei&iiLTX$ y^'ffl^l 4fc«i^$ 
nr. x5 y^'«Sil4etLTffl<. '^--X® 

«i 3±<7)ifesaii 5\izm^^tifz^y9if h*-yn 

3B2:jiLT'<.-xmffil3b*«g|#ai3nTiJ'). $ 
<9fc. ::iV99l2±.<rmmi5\izm^^tdi^y^ 
^'f^J^-ZH 2C=&aLT3U:5'^'«gl2c*^5l#ai 

[0031] Lffii. 0 ^£^mm2^zXti\m<ni: d^rJft 

[0032] ^«^B1 6«. H-aiSl iO^ra^Ofi 
MtclEBi^^ t LxmH^h Y y y-Jx9 1 0*J«S$ 

fifioffiS{c{i. MfEHifi^yi-cs^sn/cffijioj^ 

0. ^ftSMl ^<nm^\zWS:tWSt^Wmsz 
[ 0 0 3 3 ] Ja±. i$-m^\Z^ -yX^i^tltzmik. 

[0034] mm. fflia^snsfefi^Tiisig 1 1 trti 


(5) 


!Hf^8-3 20 3 0 
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[ 0 0 3 5 1 1:^:. miJ&^imQ\mMm3t ltk 

t\m^i^^}^y (s i3 N4 ) . mLr)v^-^j^ 
(A12 o3 ) m<nmimmmim\^h:itifi-^t. 
zti(><r)mmm\iziSi^i^ u a y^y^^^t nmz c V 

[ 0 0 3 6 1 * A:. mm&mX'MmMA t LX\i^ 

i^^^'}-:iyim\.^hmxwmLitif. :immiA\i 

CO J: 0 ^rlt^co^ttl^iKcKI. i k < . Vm. Ty 

i'^ym<r>i<m<r^^miim\^tz.ti^'Q%h, 
[0037] ^\±<mmi^b Lx^w^izii o-c 

tatt«sr»j£LT, :i<rmm.mnzm,mm.vx 
m'i-imm'h^^i><r>\iz\m^x'% h . 

[0038] 
iScOiiOT'ifcl.. 

[0039] mm=f-(r>i^^ v'm<m>hi(^m^^ 


[0 04 1 1 m.m\ih-^%^'h^<mttittm!i 
m=i-<^i^^ Yw^<nmHm^^z*£ o . ^^w. 
ffm^nzmct'^m^^mxmmtx. wms.cr>^ 

x'hh. 

10 [H2] 01OA-ABfH0TfcS. 

[03] im^crmmiiiziihmm'i^^-min 

[04 ] *j(|HB<ollSfe09 1 t,ziihmm'f<r)^1}mn 

[05] a^mfrm^m i tci sifflKs^ogj^^r^ 

[06] ^^ffm&m\izi.hmM'f<nm^^5mir> 
^ffmf^:Lm:iicfWiwmx'hh. 

[07 ] *f6HB<OllSfi0« 1 1= J: l.fi!ii3g^i8iS*^ 
20 -f-cOfficOieSr^rrffliM-C*)!.. 

[08] i^W'n<nmm2\,zkh^v^m.(r>^m'& 

0T252>. 

[09] *fKBc7)||ififi»|2fcJ;6^«^a^S^-tini5 

Wrchh. 

[010] *3racO||itW2tJ:?.^«:igS5r5^± 

[^^^l^iBH] 

i-mi. 3- 

30 j^'Xh. 9 "T-fVW-i^3 

12R-ZlV99^y^^Vilr^—)W 12e--3^ 
13 •'<.-Xfflig, l3B-^-Xay99 

i3b -';-xme. i4 -x5 -/^Mi^. 

14E •••x$ .y^'3y^'^'h;n-;K 1 4 e - x* •yrJ' 
15-»»JS. 16-^f*^B. 


4-filjifr. 5- 

10 •••h^yvx 


[02] 
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